
OPTICAL TECHNOLOGY 
APOLLO EXTENSION SYSTEM 

PART I 

FINAL TECHNICAL REPORT 

VOLUME 111 

Section 4 - Technology Development Plan 

CONTRACT NAS 8-20256 



OPTICAL TECHNOLOGY 
APOLLO EXTENSION SYSTEM 

PART I 

FINAL TECHNICAL REPORT 

VOLUME 111 

Section 4 - TECHNOLOGY DEVELOPMENT PLAN 

CONTRACT NAS 8-20256 
October 2 1,1966 

Approved by: &L,,,.. L3i&eJJ& 
Wil l iam W. Kloepfer ’ 
Program Manager 

CHRYSLER CORPORATION SPACE DIVISION, MICHOUD ASSEMBLY FACILITY 
P.O. BOX 29200, NEW ORLEANS, LA. 70129 

2857A- 10-18-66 



Volume 

I 

I1 

I11 

MASTER 

TABLE OF CONTENTS 

T i t l e  

Sec t ion  I - In t roduct ion  
Sec t ion  I1 - Experiment Development 

Sec t ion  I11 - Systems I n t e g r a t i o n  

Sec t ion  IV - Technology Development Plan 

iii 



Section 

Iv 

VOLUME I11 

TABLE OF CONTENTS 

T i t l e  Page 

TECHNOLOGY DEVELOPMENT PLAN . . . . . . . . . . . .  3-1 

111.0 Tnt roduct ion  . . . . . . . . . . . . . . . . .  
1 5  . 0 Major Objectives - Technology Development 

Plan . . . . . . . . . . . . . . . . . . .  
15 .1  Discussion of General Problems . . . . . . . .  
15.2 Path of Evolution t o  t h e  Solution . . . . . .  
15.3 Relationship of OTAES Experiments t o  

Technology Problem Area . . . . . . . . . .  
16 . 0 OTES Experiment Development . . . . . . . . .  
16.1 General Discussion . . . . . . . . . . . . . .  

Act iv i t i e s  . . . . . . . . . . . . . . . .  
16.3 Experiment Development Schedules . . . . . . .  
17.0 OTAES Master Planning Schedule . . . . . . . .  
17.1  General Discussion . . . . . . . . . . . . . .  
17.2 Experiment Avai lab i l i ty  Summary . . . . . . .  
17.3 Experiment Candidate Groups . . . . . . . . .  
17.4 Experiment In tegra t ion  Concepts . . . . . . .  

16.2 Digests of Prerequis i te  Technology 

3-1 

3-3 
3-3 
3-4 

3-4 
3-u  
3 - u  

3-1-4 
3-29 
3-29 
3-29 
3-31 
3-31 
3-56 

V 



EECTION I V  
TECHNOLOGY DEVdLOP: XNT PIAN 

14 .O INTROdUCTION 

The technology development p lan  provides a step-by-step procedure for t h e  
advancenent of t h e  state-of-the-art  i n  d i s c r e t e  areas of concern r e l a t e d  
t o  o p t i c a l  a c t i v i t i e s  i n  space,  
through t h e  near- terx CTES experiments and t h e  assoc ia ted  ground a c t i v i t i e s  
i.n support  o f  f u t u r e  space appl ica t ions .  

The p lan  I s  intended t o  be implemented 

The purpose of t h e  O T A E  technolocy p lan  i s  dual .  
d e f i n i t i o n  o f  space experiments necessary f o r  t h e  development of o p t i c a l  
technology for support  of f u t u r e  space a p p l i c a t i o n s .  Secondly, it recon- 
m n d s  a research  and development a c t i v i t y  pa th  as a prelude t o  t h e  performance 
of space e x p e r h e n t s  e s t a b l i s h e d  f o r  t h e  3TZS and inc ludes  t h e  a v a i l a b i l i t y  
of t h e s e  experiments f o r  f l i g h t  i n t e g r a t i o n  i n t o  any vehic le .  

It assists i n  t h e  

The technology development p lan  i s  t h e  produce of c r i t i c a l  analysis w i t h i n  
t h e  bounds of t h e  fol lowing guide l i n e s :  

a .  The b a s e l i n e  s ta te-of- the-ar t  i s  t h e  knowledge of t h e  present  
s c i e n t  i f  i c  community. 

b.  The program o b j e c t i v e  i s  the  advancement of t h e  state-of-the-art  
i n  Opt ica l  Space Astronomy and Conununication Technology. 

c .  Technological advances w i l l  result  from t h e  performance of 
OTES experiments. 

Space t e s t i n g  I s  necessary i n  order t o  overcome t h e  i n h i b i t i n g  p a r m e t e r s  
o f  t h e  t e r r e s t i a l  environment. A t r u e  gra,vity-free s i t u a t i o n  cannot be 
a t t a i n e d  on e a r t h ,  e s p e c i a l l y  when extended per iods  of t e s t  t i m e  are re- 
q u i r e J .  I n  a d d i t i o n ,  viewing thro3.gh t h e  e a r t h ' s  atmosphere, would make 
impossible t h e  determinat ion of performance l i m i t s  of te lescope.  I n  t h e  
area of te lescope  i s o l a t i o n  it i s  v i r t u a l l y  i r p o s s i b l e  i n  an earth-based 
t e s t  program t o  perforn; a corprehensive eva lua t ion  of t h e  var ious  means of 
t e l e s c o p e  i s o l a t i o n  from spacecraf t  dis turbances.  V e r i f i c a t i o n  of l a s e r  
communication systems and hand-over p e r f o r m m e  a f f e c t e d  by atmospheric 
degradat ions,  v e h i c l e  per turba t ions ,  long t ransmission l i n k s  and poin t  
ahead requirements,  can only  be va l ida ted  from a space borne vehicle .  

The pos t - f l igh t  a n a l y s i s  of each space experiment i s  not  s o l e l y  a demon- 
s t r a t i o n  o r  v e r i f i c a t i o n  of a concept bu t  c o l l e c t s  requi red  technologica l  ' 
d a t a  from which t h e  s p e c i f i c  technology can be f u r t h e r  evolved and a new' 
base  f o r  progression es tab l i shed .  
s i d e r  alternatives which r e s u l t  i n  more than one type of p r e r e q u i s i t e  
technology development. 

Most of t h e  included experiments con- 
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Tl;e e lenents  comprising t h e  technology developrnent plan are: 

a. i4ajor Objectives Development Plan 

b. Prerequis i te  Technoloa  Digests  

c.  OTBS Zxperiment aevelopment Schedules 

d .  The Naster Planning Zchedule (Experiment I n t e g r a t i o n  Analysis) 

The content  of each of t h e s e  elements, assoc ia ted  assumptions, and prerequi-  
s i t e  background d iscuss ion  will be included i n  t h e  s e p a r a t e  sub-sections Of 
t h i s  volurre. 
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I .  

15 .O ',Ti4 JOR O B J E C ' l ' I V E  - TECHNOLOGY UEVGLOP" ENT PLAN 

15.1 DISCUSSION OF GENERAL PROBLE:.IS 

The OTES experiment technologies  a r e  being developed t o  implement f l y a b l e  
experiments f o r  t h e  advancement of o p t i c a l  tecbnology. 
necessary technologies  t o  t h e  f u l l e s t ,  a goa l  wi th  s p e c i f i c  requirements 
must be known. I n  t h e  case of OTAES, two major o b j e c t i v e s  o r  goa ls  were 
s e l e c t e d  f o r  developing an o v e r a l l  development plan.  
o r i e n t e d  goa l  i s  a t h r e e  meter d i f f r a c t i o n  l i m i t e d  M.O.T. c l a s s  te lescope.  
The o p t i c a l  propagat ion o r i e n t e d  goal  i s  p lane tary  laser  communication 
system. 
ment of t h e s e  planned goals.  The astronomy-oriented requirements are: 

To advance t h e  

The astronomy 

The OTAES experiments commise a necessary s tep i n  t h e  a t t a i n -  

a. 

b. 

A t h r e e  n e t e r  d i f f rac t ion- l imi ted  te lescope  opera t ing  i n  space. 

The te lescope  must be capable of a u t o n a t i c  opera t ion  but  designed 
f o r  manned i n t e r v e n t i o n  at any s tage .  

The b a s i c  te lescope  s h a l l  be a narrow f i e l d  instrument t o  preserve 
t h e  u l t i m a t e  i n  r e s o l u t i o n ,  and it should be capable of d i f f r a c t i o n -  
l i m i t e d  photography of s i n g l e  c e l e s t i a l  f i e l d s  f o r  exposures of a t  
least  x) hours.  

The te lescope  s h a l l  be capable of opera t ing  i n  t h e  s p e c t r a l  region 
from 900 angstroms t o  29 microns. 

The te lescope  should be d i f f rac t ion- l imi ted  a t  1090 angstroms. 

The te lescope  system mst  be capable o f  reso lv ing  t o  .03 seconds 
of a r c .  

c .  

d. 

e. 

f .  

The o p t i c a l  propagation-oriented req.lirements are: 

a. 

b. 

C.  

d .  

e. 

f. 

g. 

h. 

A one meter d i f f rac t ion- l imi ted  te lescope  opera t ing  i n  space. 

The te lescope  must be capable 3f automatic operat ion.  

Lasers, modulators, and rece ivers  must be space qua l i f ied .  

The te lescope  s h a l l  be capable of opera t ing  i n  t h e  s p e c t r a l  
region from .488 microns t o  10.6 microns. 

The te lescope  should be d i f f rac t ion- l imi ted  a t  .6328 microns. 

The sys ten  must be capable of t racking  and poin t ing  t o  0.1 
seconds of a r c  with point-ahead c a p a b i l i t y .  

The atmospheric e f f e c t  on o p t i c a l  propagation must be known. 

Information c a p a c i t i e s  g r e a t e r  than  107 b i t s  per second f o r  i n t e r -  
p lane tary  communi c a t  ions  . 

3 -3 



t 

15.2 PATH OF EVOLUTION TO THE SOLUTION 

I n  order  t o  adequately def ine what s p e c i f i c  technologica l  advancements 
are necessary f o r  t h e  support  of f u t u r e  space app l i ca t ions ,  a technology 
development program has been e s t ab l i shed  which extends from t h e  present  
day through t o  t h e  a v a i l a b i l i t y  of t h e  two major o p t i c a l  systems def ined 
i n  the  previous sec t ion .  I n  t h i s  p l an  space as well as requi red  ground 
based development and t e s t s  a r e  exh ib i t ed  f o r  both t h e  astronomy-oriented 
and o p t i c a l  propagation-oriented milestones.  
15.2-2. 
c a l  subsystems; ( 2 )  Telescope s t r u c t u r e  and mechanisms; (3)  Control/ 
S t a b i l i z a t i o n ;  (4)  Detect ion and condi t ioning;  ( 5 )  Auxiliary devices;  
( 6 )  Optical  t ransmiss ion;  ( 7 )  Op t i ca l  recept ion;  and ( 8 )  Supporting 
te lescope  technologies .  

An ana lys i s  of t h e  aforementioned f i g u r e s  w i l l  r evea l  t h a t  t h e  technology 
advancements requi red  t o  a t t a i n  t h e  long range goa ls  a r e  of such magni- 
tude and complexity t h a t  a t echno lom aiiantum .jump approach does not  aD-  
pear  f e a s i b l e  and t h a t  space experiments a r e  a l o g i c a l  s t e p  t o  ensure con- 
t inuous  technolom advancement i n  a l l  d i s c i r d i n e s ,  

Again by in spec t ion  i t  can be seen t h a t  t h e  three-meter d i f f r a c t i o n -  
l i m i t e d  te lescope  and broadband p lane tary  communications are natural out- 
growths of OTAES work and the  a d d i t i o n a l  technologica l  advancements a r e  
bu t  pro jec t ions  of t h e  new "base l ine"  of technology e s t ab l i shed  from 
OTAES experiment data. 
nology pro jec t ions  would be q u i t e  s u p e r f i c i a l .  

(See f i g u r e s  15.2-1 and 
The major a reas  of requi red  development included a r e :  (1) Opti- 

However, without  t h e  OTAES base l ine ,  t hese  tech-  

15.3 IZELATIONSHIP OF' OTES EXPERI:.ENTS TO TECHNOLOGY PHOBIEI AREA 

I n  order  t o  make a reasonable assessment of t h e  s p e c i f i c  technology a r e a s  
and t h e  assoc ia ted  development requirements,  an a n a l y s i s  of t h e  problems 
t o  be solved must be made. Such a l o g i c a l  a n a l y s i s  has been made i n  t h e  
technology development plan.  
ana lys i s  was made, major problems were c l a s s i f i e d  by some t h i r t e e n  major 
technology advancement a reas  as shown i n  f i g u r e  15.3-1. 
logy advancement a reas  were broken down t o  t h e  next  l e v e l  of d e t a i l  (sub- 
a r e a s )  and t h e  OTES experiments,  both proposed and i d e n t i f i e d .  were matched 
w i t h  t h e  problem a reas  t o  i n d i c a t e  impact and re levance  i n  solvinR t h e  

roblems a s soc ia t ed  with t h e  s p e c i f i c  t echno lom advancement sub-areas. 
?he r e s u l t s  a r e  shown i n  t a b l e s  15.3-1, 15.3-2 and 15.3-3. An a n a l y s i s  of 
these  t a b l e s  r e v e a l  t he  interdependence of t h e  experiments and t h e  need 
f o r  simultaneous performance i n  order  t o  f u l l y  u t i l i z e  the  experimental  
measurements and technologica l  da t a .  This  f a c t  i n d i c a t e s  t h a t  although 
t h e  experiments are designed t o  be flown s i n g l y  and independently,  much 
more could be gained by launching them i n  groups on a vehic le  such as 
an OTAES spacecraf t .  

Af t e r  t h e  problem i d e n t i f i c a t i o n  p a r t  of t h e  

The major techno- 
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REQUI: EMENTS I 

A. ASTRONOMY -OR1 ENTED 

1. A 3-METER DI FFRACTION-LIMITED TELESCOPE OPERATING IN SPACE. 
2. TELESCOPE TO BE CAPABLE OF AUTOMATIC OPERATION BUT DESIGNED 

FOR MANNED INTERVENTION AT ANY STAGE. 
3. THE BASIC TELESCOPE SHALL BE A NARROW FIELD INSTRUMENT TO 

PRESERVE THE ULTIMATE IN RESOLUTION, AND IT  SHOULD BE CAPABLE 
OF DIFFRACTION-LIMITED PHOTOGRAPHY OF SINGLE CELESTIAL FIELDS 
FOR EXPOSURES OF AT LEAST 20 HOURS. 

REGION FROM 900 1 TO 20 MICRONS. 
5. THE TELESCOPE SHOULD BE DIFFRACTION-LIMITED AT 1000 i. IT IS 

REALIZED THAT THIS IS WELL BEYOND PRESENT CAPABILITIES BUT 
THE IMPORTANCE OF WORK IN THE UV MAKE IT  NECESSARY THAT 
THIS ULTIMATE GOAL BE CONSIDERED IN THE DEVELOPMENT OF 

4. THE TELESCOPE SHALL BE CAPABLE OF OPERATING IN THE SPECTRAL 

~ MEASURING TECHNIQUES AND TELESCOPE DESIGN. - 

6. TELESCOPE SYSTEM TO BE CAPABLE OF RESOLVING TO .03 ARC SECONDS. 

, . -  

B. OPTICAL PROPAGATION-OR1 ENTED 

1. A 1-METER DIFFRACTION-LIMITED TELESCOPE OPERATING IN SPACE. 
2. TELESCOPE TO BE CAPABLE OF AUTOMATIC OPERATION. 
3. LASER, MODULATORS, AND RECEIVERS MUST BE SPACE QUALIFIED. 

- 4. THE TELESCOPE SHALL BE CAPABLE OF OPERATION INTHESPECTRAL 

6. SYSTEM TO BE CAPABLE OF TRACKING AND POINTING TO 0.i ARC 

REGION FROM .488 MICRONS TO 10.6 MICRONS. . 
5. THE TELESCOPE SHOULD BE DIFFRACTION-LIMITED AT -6328 MIC-RONS. 

SECONDS WITH POINT-AHEAD CAPABILITY. 
7. ATMOSPHERIC EFFECT ON OPTICAL PROPAGATION MUST BE KNOWN. 

TECHNOLOGY ADVANCEMENT AREAS 

A. PRIMARY MIRROR 
8. SYSTEM OPTICS 
C. POINTING & CONTROL 
D. DETECTION 
E. TELESCOPE SYSTEM 
F. MAN, TELESCOPE INTERFACE 
G. SPACECRAFTiTELESCOPE INTERFACE 
H. COMMUNICATION POWER LOSS 
I .  COMMUNI C AT1 ON PATH CH AR ACTE RI STI CS 
J. LASER TRANSMITTER 
K. LASER RECEIVER 
1. GROUND COLLECTOR 
M. SIGNAL PROCESSING 

c 

i 

I 



EARTH 

APPLi CATION S 

..A 
.:.y..> ........ ........ 
......... .:.x.:.. :.x*:., 

:.:.:.x :.:.:.y. 

.$g:' 
x.: +... 
3 <.>A. 

'.'A. . 
......... 
.... ......... ..,.. .._._ .. .... .... ..... 

@j 

Figure Ij .3-i. Major Technology Advancement Areas 

3-'0 



TABLE 15.3-2 

INDEX OF OTES EXPERIMENT N ~ E R S  

I .  PROPOSED EXPERIMENTS 

EXPERIMENT NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
POTENTIAL 
POTENTIAL 

11. DISCARDED EXPERIMENTS 

EXPERIMENT LETTER 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

EXPERIMENT TITLE 
Opt ica l  Heterodyne Detec t ion  on Earth 
Opt ica l  Heterodyne Detect ion on t h e  Spacecraf t  
Communication wi th  10 Megahertz Bandwidth 
Direct Detect ion Space t o  Ground 
Prec is ion  Tracking of  a Ground Beacon 
Poin t  Ahead and Space-Ground-Space Loop Closure 
Transfer  Tracking from One Ground S t a t i o n  b, Another 
Atmospheric Measurements 
Pulse  D i s t o r t i o n  Measurements 
Primary Mirror  Figure Tes t  and Correc t ion  
Thin Mirror Nesting V e r i f i c a t i o n  
Fine Guidance 
Comparison of I s o l a t i o n  Techniques 
In te r fe rometer  System 
Segmented Opt ics  
Degradation of  Op t i ca l  Materials and Coatings 
In t e r f e rence  Spectrometer 

EXPERIMENT TITLE 
Erect ion and Alignment of Large Opt ics  i n  Space 
Ear th  Shine E f f e c t s  on Acquis i t ion  and Tracking 
Photo -E lec t r o  -0p t i ca 1 Exper iment 
Ground Resolut ion Measurements i n  Ear th  Orb i t  
Baf f le  Systems Comparison 
Atmospheric Absorption Spectroscopy 
Opt ica l  Telescope Mirror  Coating i n  Space 
Acquis i t ion Comparison Experiment 
Spectrograph Development 
Cryogenic Cooling Experiment 
Mirror Figure Correc t ion  by Means of  Shu t t e r  
Control led Coupled Heat Radiat ion 
Bi-Direction Mirror  Correc t ion  Device 
Remote Manual Op t i ca l  Alignment 
Visual Tracking Rat ing 
Remote Sensing Ground Truth V a l i d a t i m  
Prec is ion  Measurement i n  t h e  In f r a red  Spectrum 
Iraser Preampl i f ie r  of I R  S igna ls  
Comparison of  Image Motion Compensation Techniques 
E l e c t r o s t a t i c a l l y  Control led and Figured Op t i ca l  
Surfaces f o r  Ref lec t ing  Telescopes 
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TABLE 15.3-2 

mES EXPERIMENT RELATIONSHIPS TO ASTRONOMY-ORIENTED TECHNOLOGY PROBLEMS 

OTES PROPOSED EXPERIMENTS 

11 , 15 , l o ,  
11 , 10,15 , 

15,11,10,8,9,4,3,2,1 

5,10,11,12,13,15 
10 , 11 , 15 

13,12,8 
1 4 , 1 3 , 1 2 , 5 , 6 , 7 , 8 , 9 , 3 , 2 , 1  

15,10,12,13 

1,2,3,4,10,11,15 - - - -  
, 1,2,3,4,10,11,15 

12,13,8,9,3,2,1 

TECHNOLOGY ADVANCEMENT AREAS 

I. TELESCOPES 

A .  PRIMARY MIRROR 

1. Material 
2. Weight 
3. Mirror figure control 

B. SYSTEM OPTICS 

1. Automatic alignment and focus 
2. Wavelength bandpass 
3. Observation compatability (utilizing one 

scope for more than one experiment) 

C. POINTING AND CONTROL 

1. Disturbance isolation 
2. Fine error sensing 
3. Actuators 

D. DETECTION 

1. High-resolution photography 
2. High-resolution photo-electro-optical 
3. Radiation resistant films 
4. Dry development 
5. UV, IR, VIS Sensors 
6. Ion-beam technique €or photo-cathode fab. 

E. TELESCOPE SYSTEM 

1. Thermal Control 
2. Mechanical Stability 
3. Baffle Design 

11. INTERFACES 

A. MAN/TELESCOPE INTERFACE 

1. Contamination 
2. Refurbishment/Maintenance 
3. Disturbances 
4. Thermal Control 
5. Control/Display 

B . SPACECRAFT /TELESCOPE INTERFACE 

1. Telescoping Structure (Volume 
2. Control Display 
3. Mounting Provisions 
4. Attitude Control Interface 

imit) 
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TABLE 15.3-3 

OTES EXPERIMENT RELATIONSHIPS TO OPTICAL PROPAGATION ORIENTED TECHNOLOGY PROBLEMS 

(YTES PROPOSED EXPERIMENTS TECHNOLOGY ADVANCEMENT AREAS 

I. OPTICAL COMMUNICATION PROPAGATION 

5,4,3,2,1 A. POWER LOSS (LINK) CALCULATIONS 
B. PATH CHARACTERISTICS 

1. Fading 
2. Error Rates 
3. Alternate Technique Combinations 

a. Signal Sources 
b. Deceding 
c. Modulation forms 

IT.. CCMMJNICATION CCMPONENTS 

A. TRANSMITTER 

1. Laser 
a. Single Frequency 
b. Space Qualified 

a. Helium-Neon modulator 
b. Carbon dioxide modulator 
c. Power supplies 300 watt down to 

2. Modulator 

30 watt 
3. Optical Train 

a. Alignment 
b .  Losses 

4. Monitoring 
a. Boresight 

B. RECEIVER 

1. Optical Train 
2. Local Oscillator 

a. Low threshold argon 
b. Space qualification 

a. Helium-neony space qualified 
b. 10.6 micron wideband. 

3. Detectors 

C . OPT I CAL C OLLE CT OR 

1. One meter receiving telescope 
2. 0.1 seconds of arc pointing requirements 
3. Direct detection - eight meter dish 

D. SIGNAL PROCESSING 

1. Phase correlation - Michelson like optics 
2. Pulse distortion - Sampling oscilliscope 

techniques 
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16 .O OTZS EXPERIY4ENT DEVELOP’433NT 

16.1 GENERAL DISCUSSION 

Having es tab l i shed  o v e r a l l  major o b j e c t i v e s  which t h e  OTES experiments 
help &Lain and having analyzed t h e  technologica l  problem a r e a s  of 
s p e c i f i c  technologies  and t h e i r  r e l a t i o n s h i p s  t o  a l l  of t h e  OTES proposed 
and discarded experiments, t h e  s p e c i f i c  experiments wi th in  t h e  OTES were 
analyzed i n  d e t a i l .  

The recommended research  and development a c t i v i t y  pa th  necessary  as a 
prelude t o  t h e  performance of t h e  OTES space experinLents i s  presented 
i n  t h e  p r e r e q u i s i t e  technology d i g e s t s .  
technology advances o r  milestones t h a t  comprise t h e  t h r e s h o l d  t o  OTES 
space experiment implementation, measurements and t e c h n i c a l  d a t a  acqui- 
s i t i o n .  These are t h e  a c t i v i t i e s  t h a t  must be funded and accomplished 
before  any f u r t h e r  propress  i s  made. Theore t ica l  s t u d i e s ,  l a b  experi-  
ments, methods development, ground t e s t i n g  and s imulat ion,  a i rborne  and 
pre-OTAES spaceborne piggy-back t e s t i n g  are i d e n t i f i e d  t o  p r e s e n t  t h e  
most complPte forecas ted  pa th  of  evolu t ion  as p o s s i b l e  a t  t h i s  time. 

The experiment development schedules support  t h e  technology d i g e s t s  and 
complete t h e  experiment p i c t u r e .  The experiment development schedules 
contain a summary of t h e  p r e r e q u i s i t e  technology advancements t o  de te r -  
mine which o f  these  a c t i v i t i e s  preceed and which can be performed con- 
c u r r e n t l y  with t h e  experiment hardware evolu t ion .  
each experiment from t h e  research  and development s t a g e  through pre l iminary  
design,  development t e s t i n g ,  f i n a l  design,  manufacturing t o  f i n a l  assembly 
and checkout of  t h e  experiment hardware p r i o r  t o  f l i g h t  i n t e g r a t i o n  i s  
conducted, 
s p o t l i e h t s  r e s t r a i n i n g  a c t i v i t i e s  and t h e i r  most e f f i c i e n t  sequencing, 
and i n d i c a t e s  t h e  t o t a l  t ime requi red  t o  perform a l l  t a s k s  p r i o r  t o  
experiment i n t e g r a t i o n  f o r  f l i g h t .  
rrajor asser .bl ies  o r  s u b s y s t e m s  l e v e l  i n  o r d e r  t o  p r e s e n t  more s p e c i f i c  
and copprehensive r e s u l t s .  

16.2 DIGESTS OF PREWQUISITE TECIINOLOGY ACTIVITIES 

The p r e r e q u i s i t e  technology d i g e s t s  are l i s t e d  i n  accordance with Table 
15.3-1, “INDEX OF OTES EXITRIVENT Nu”l€iERsll. 
i s  t h e  time required from t h e  cormencement of t h e  i n i t i a l  s tudy through 
t h e  corr.pletion of t h e  f i n a l  p r e r e q u i s i t e  t e s t .  
requirerrent was estimated based on t h e  r e s e a r c h  of  t h e  p r i n c i p a l  i n v e s t i -  
ga tor  of the  r e s p e c t i v e  experiment. 

Each experiment d i g e s t  l i s t s  a l l  t h e  necessary  r e s e a r c h  and development 
a c t i v i t y  that. i s  p e c u l i a r  t o  t h a t  s p e c i f i c  experiment 
X h n C e s  required of support  o r  interdependent  systems are t r e a t e d  i n  
Prime experiment t o  avoid redundancy. 

These d i g e s t s  i d e n t i f y  t h e  

A thorough a n a l y s i s  of 

This a n a l y s i s  y i e l d s  t h e  i d e n t i f i c a t i o n  of long l e a d  items, 

Each experiment i s  s t u d i e d  a t  t h e  

The time span t o  completion 

Each major a c t i v i t y  time 

The t.echnology 
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Any f a c t  o r  explanat ion t h a t  i s  p e c u l i a r  is included i n  t h e  "Remarks'' 
s e c t i o n  of t h e  d i g e s t .  
t reatment  and i s  arranged by major a r e a  of  development f o r  quick re ference .  

The d i g e s t  f o r n a t  provides  a concise,  systerr,atic 

16.2.1 d i r e s t  of P r e r e q u i s i t e  Technolory A c t i v i t i e s  

.-, Axperiment : Optical  Heterodyne Detection of Earth (E-1) 

Time Span t o  Completion: Thirty-six months 

t 

Sesearch and Development : 

a. Video modulatops development f o r  use a t  10.6 microns wavelength. 
(24 months) 

b . Inf ra red  photo d e t e c t o r s  development having high quantum e f f i c i e n c y  
a t  10.6 microns and having a frequency response extending t o  a t  
l e a s t  10 Megahertz (30 months). 
parametr ic  o s c i l l a t o r s  may make it p o s s i b l e  t o  overcome t h e  
Doppler s h i f t  encountered on i n t e r p l a n e t a r y  missions i f  a good 
video bandwidth d e t e c t o r  is  a v a i l a b l e  a t  10.6 microns.). 
(1) 

(2) 

(Developments i n  tunable  o p t i c a l  

Analysis o f  semi-conductor materials o r  techniques capable 
of adequate frequency response.  
Unit design and packaging s t u d i e s  f o r  i n c l u s i o n  of I R  
d e t e c t o r s ,  dewars, high-frequency coupling s t r u c t u r e s  and 
cooled o p t i c a l  f i l t e r s .  

c. S t a b l e  10.6-micron laser development wi th  emphasis on ruggedi- 
za t ion .  
(1) 

(2) 

(24 months, now i n  process) .  
Study t o  devise  rugged s t r u c t u r e s  t h a t  are resistant t o  
environmental f a c t o r s .  
Servo systems a n a l y s i s  f o r  compensation of unavoidable 
changes . 

d. Laser mode c o n t r o l  and s t a b i l i z a t i o n  techniques development. 
(24 months now i n  process) .  

e. Space-qualified Helium-Neon and N2-CO2 Lasers development. 
(12 months) 
(1) 

(2) 
(3) 

(4) 
(5) 
(6) 

S t r u c t u r a l  design a n a l y s i s  f o r  gas  lasers capable of remote 
alignment and tuning. 
S t u d i e s  t o  r e s t r i c t  heat  r a d i a t i o n  f o r  t h e  laser package. 
Develop and t e s t  gas discharge tubes  t o  withstand environ- 
mental  f a c t o r s  and provide long- l i fe ,  r e l i a b l e  performance. 
I n v e s t i g a t e  both dc  cold cathode and rf pumping systems. 
Compact packaging and m i n i a t u r i z a t i o n  s t u d i e s .  
Conduct shock and v i b r a t i o n  tes t s  on completed designs.  

f .  Ground-to-ground measurements program of atmospheric coherence 
diameters  a t  10.6 microns wavelength and pulse  d i s t o r t i o n  
measurement tests a t  .6328 microns where broad-band photo- 
d e t e c t o r s  a r e  a v a i l a b l e .  (12 months). 
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Es tab l i sh  propagat ion t e s t  range(s )  f o r  one way tes t s  (no 
mir rors  o r  r e f l e c t o r s )  with a c a p a b i l i t y  o f  measuring a 
v a r i e t y  of t e s t  pa ths  and a pa th  length  of  a t  least  two 
miles . 
Determine t h e  dependence of e f f e c t i v e  r ece ive r  coherence 
diameter a t  10.6 microns on weather condi t ions ,  s i t e  loca-  
t i o n s ,  e t c .  
Determine t h e  upper l i m i t  on bandwidth of  s i c n a l s  t h a t  can 
be propogated a t  .6328 microns through pulse  d i s t o r t i o n  
measurements of t h e  output  o f  an Alblocked multimode l a s e r .  
Conduct simultaneous tes ts  u t i l i z i n g  10.6 micron CW and .6328 
micron fas t  pu l se  systems f o r  more accu ra t e  comparative da t a .  

g. Ground-to-ground tes ts  of  a complete o p t i c a l  commlinication 
S : J S t , m .  

(1) Evaluate t h e  co munication system c a p a b i l i t i e s  f o r  var ious  
modulation and de tec t ion  schernes under a v a r i e t y  of atmos- 
pher ic  condi t ions .  
Col lect  and analyze d a t a  on fadinF and fad ing  rates f o r  
comparison wi th  theory ,  f o r  t h e  design of an e l e c t r o n i c  system 
t o  s imula te  t h e  e f f e c t s  of t h e  atmosphere i n  t h e  l abo ra to ry ,  
and for  comparison with da t a  t o  be obtained on high angle  
s l a n t  pa ths .  
Evaluate  perfor-sance and r e l i a b i l i t y  o f  t h e  10.6 micron 
r ece ive r  system. 

(2) 

(3) 

h. Laser s t a b i l i z a t i o n  development of rupgcdized video bandwidth 
,detectors  f o r  t h e  v i s i b l e  spectrum v i l e o  bandwidth modulators for 
t he  10 micron band. (12 months). 

i. Piggyback space-to-prouncl propayat ion experiment l e s i p n  and 
f ab r i ca t ion  e qphasizinp pulse  d i s t o r t i o n  measureaents a t  .6328 
microns and coherent ape r tu re  neasurements a t  10.6 Ticrons wave- 
lenpth .  (30 Tonths) . 
(1) Detail desipn o f  an opera t ing  laser syste.? o r  systems t h a t  w i l l  

make a tnospher ic  d i a m o s t i c  Teasurements. The systems will be 
confipureil t o  an AAP p a l l e t  packape, a l lowing some pre l iminary  
t e s t i n €  of space hardware, of a t ~ o s p h e r i c  p r o p e r t i e s ,  and of 
po in t ing  an.i t r ack inp  syste:? c a p a b i l i t i e s .  
Laser t r a n s m i t t e r  ( s )  accuracy require-nents a n a l y s i s  f o r  il- 
l up ina t ion  of a ground r ece iv ing  s t a t i o n .  
High-anplr , space-to-ground pa th  measurements of t h e s e  s i c n a l  
p r o p e r t i e s  t h a t  have been invcs t ipa te r i  on pround-to-pround 
pa ths .  
Fabr ica t ion  of siibsystems anti colyponents for a pipryback 
sys  t e n .  

( 2 )  

(3) 

( 4 )  
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j. Propanation tes t s  at s e v e r a l  l a s e r  WavelenFths over hiEh-ar,gle 
a tnospheric  pa ths ,  using h igh-a l t i tude  bal loons,  platforms and 
s a t e l l i t e s  having usable  corner r e f l e c t o r s  a t  10.6 microns 
wavelength. 

(1) Perform upper-atmosphere t o  ground propapation rneasure'Tlents. 
davelenpths of .6328 and 10.6 n ic rons  p l u s  o ther  new l a s e r  
wavelenfths w i l l  be used. 
Long patvh measure?qents of those  para  1etei.s t h a t  have t e e n  
measured i n  ground-to-ground tes ts .  
pher ic  coherence diameters a t  10.6 Vlicrons ani1 of fast  
pulse  d i s t o r t i o n  at .h'328 microns w i l l  be compared under 
t h e s e  condi t ions.  

( 2 )  
Neasurement of atmos- 

16.2.2 Dipest  of-Prerequis-ite Technolopy A c t i v i t i e s  

Experivent Opt ica l  Heterodyne Detection on t h e  Spacecraf t  (E-2) 

- -  --___ 

-- T i m e  Span t o  Completion: Thir ty-s ix  months 

Research & kvelopment:  

a. 

b. 

C .  

d .  

e. 

f. 

g. 

Low-power s t a b l e ,  single-frequency, laser l o c a l  o s c i l l a t o r s  
development, with enphasis on design of  space q u a l i f i c a t i o n .  
(Developments i n  tunable  o p t i c a l  parametr ic  o s c i l l a t o r s  may make 
it p o s s i b l e  t o  overcome t h e  doppler s h i f t  encountered on i n t e r -  
p l a n e t a r y  missions if a good video bandwidth d e t e c t o r  i s  ava i lab le . )  
(24 months) . 
S t a b l e  t r a n s n i t t e r  laser development with emphasis on ruggedizat ion.  
(12 months). 

Laser mode c o n t r o l  and s t a b i l i z a t i o n  techniques development. 
months, now i n  process.)  

(24 

dudimentary s a t e l l i t e  p i g a b a c k  t ransmiss ion  experimmt develop- 
ment. 

Ground-to-ground tes ts  of a complete o p t i c a l  communication systen, 
t r a n s m i t t i n g  s e v a r a l  wavelengths simultaneously.  
See o p t i c a l  heterodyne de tec t ion  on e a r t h  experiment. 

Propagation t e s t s  a t  s e v e r a l  l a s e r  wavelengths over high-angle 
atmospheric paths ,  using e i t h e r  h igh-a l t i tude  bal loons o r  synchronous 
s a t e l l i t e s .  

Space-simulation t e s t i n g  of l a s e r s ,  modulators, and d e t e c t o r s .  
9 months). 

(9-12 months) . 

See o p t i c a l  heterodyne d e t e c t i o n  on e a r t h  experiment. 

(6- 
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16.2.3 

Zxperiment : 

Digest of B e r e a u i s i t e  TechnoloEy A c t i v i t i e s  

Connunication with 10 Vegahertz Bandwidth (2-3) 

Time Span t o  Conpletion: Thir ty-s ix  months 

ilesearch & Development: 

a. Wideband modulator development f o r  10.6 micron wavelength a t  
10 Xegahertz bandwidth. (24 months) 

(1) ]:aterials analysis 
(2) 10.6 micron wavelength development. 

b. Wideband d e t e c t o r  develo2ment f o r  10.6 micron wavelength a t  
10 Yegahertz bandwidth. (36 months) 

c. Laser (all-wavelengths) space-qual i f ica t ion  t h r u  s imulat ion on 
t h e  ground. (24 months) 

d.  10.6 micron modulator space-qual i f ica t ion  t h r u  s imulat ion o n  t h e  
ground. (12 months) 

e.  10.6 micron d e t e c t o r  space-qual i f ica t ion  t h r u  s imulat ion on t h e  
ground. (18 months) 

f .  10 Xegahertz systems tes ts  f o r  ground l i n k .  (9 months) 

g. 10 Hegahertz systems tes ts ,  a i r c r a f t  t o  ground l i n k .  (12 months) 

demarks: 
microns, 0.6328 microns, and 1.06 rricrons i s  w e l l  beyond 10 Megahertz. 
i s  poss ib le  t h a t  p resent  modulators can be ex%ended f o r  opera t ion  a t  3.39 
nicrons;  however, d e t e c t o r s  f o r  3.39 microns and d e t e c t o r s  and modulators 
f o r  10.6 microns wavelengths a r e  not  yet capable of 10 Yegahertz frequency 
response. 
cooling f o r  d e t e c t o r s .  

The present  s ta te-of- the-ar t  f o r  modulators and d e t e c t o r s  a t  0.488 
It 

Addit ional  advancaments must be macle i n  t h e  a r e a  of cryogenic 

16.2.4 

Experiment: 

Uigest of P r e r e q u i s i t e  TechnoloEy A c t i v i t i e s  

Di rec t  Uetection Space t o  Zround (E-4) 

Time Span t o  Completion: Twenty-four months 

desearch & Developmsnt: 

a. Space Optical  I\lodulation System 

(1) Electro-opt ic  modulator and d r i v e r  model s t u d i e s  and de- 
velopment. (24 months) 
(a)  Development of two space-qual i f ied s e r v i c e  t e s t  models 

of a .6328 micron modulator and s o l i d - s t a t e  d r i v e r  wi th  
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100 ilegahertz video bandwidth developing 100 percent  
modulation with 10 watts s i g n a l  power. 
Trade-off analyses  of s e v e r a l  e lec t ro-opt ic  c r y s t a l  
materials including c r y s t a l  o p t i c a l  damageabili ty 
a n a l y s i s  and s t u d i e s  of o p t i c a l  sur face  q u a l i t y  
c h a r a c t e r i s t i c s  and t h e i r  r e t e n t i o n .  
S t u d i e s  of t h e  t ransmi t tance  c h a r a c t e r i s t i c s  of t h e  
o p t i c a l  components i n  t h e  modulator as w e l l  as 
optimizing t h e  a n t i - r e f l e c t i o n  coa t ing  techniques f o r  
i n t e r n a l  heating minimization. 
Analysis o f  methods t o  minimize t h e  nodulator  thermal 
b i re f r ingence ,  
ilevicw and summarization f o r  var ious  communication 
modulation formats (FM, FM-subcarrier, pulsed i n t e n s i t y  
modulation, pulsed p o l a r i z a t i o n  modulation, e t c . )  f o r  
impact on modulator design and c r y s t a l  c h a r a c t e r i s t i c s .  
S t u d i e s  of launch s u r v i v a l  and alignment r e t e n t i o n  i n  
t h e  space environment t o  minimize d e f l e c t i o n  and de- 
co l l imat ion  of t h e  output beam. 
Keasurement of t h e  d i s t o r t i o n  of t h e  emergent beam 
across  i t s  diameter. 

Prototype model development. (15 months) 
(a) Design labora tory  modulators and assoc ia ted  s o l i d - s t a t e  

d r i v e  ampl i f ie rs  t o  opera te  a t  10.6 microns, and video 
bandwidth of 100 Megahertz. 
Trade-off analyses  of e lec t ro-opt ic  material charac te r i s -  
t i c s  (conduct ivi ty ,  thermally induced b i re f r ingence ,  
t ransmi t tance ,  o p t i c a l  sur face  q u a l i t i e s  and coat ings 
and t h e i r  r e t e n t i o n )  f o r  a p p l i c a b i l i t y  t o  p l a n e t a r y  com- 
muni c a t  ion. 

(b) 

F i n a l  model development. (15 months) 

b. Ground-based Tracking Zeceiver 

(1) Prototype development of 23 meter diameter model with a 0.5 
m i l l i r a d i a n  maximum f i e l d  of view. 
(a )  

(24  months) 
Design, construct ion and i n s t a l l a t i o n  of t h e  o p t i c a l  
c o l l e c t o r ,  secondary, o p t i c s ,  narrow-band i n t e r f e r e n c e  
f i l t e r s ,  o p t i c a l  demodulators, photodetectors ,  and as- , 

soc ia ted  e l e c t r o n i c s .  
Analysis o f  various Reans t o  acqui re  t h e  remote l a s e r  
t r a n s m i t t e r ,  provide t h e  t racking  e r r o r  input  t o  t h e  
servo cont ro l led  mount, and provide an a u x i l i a r y  point ing 
and t racking  da ta  input  f o r  radar  o r  computer progran 
c o n t r o l  of t h e  system. 

Horizontal  path ground tes ts  and air-to-ground tes t s  t o  develop 
des ign  parane ters  for  f u l l  s c a l e  model. 

(a) 

(b) 

( 2 )  

( 3 )  F i n a l  8-10 meter diameter model development. (24 months) 
Design and cons t ruc t ion  of 8-10 meter d i r e c t  d e t e c t i o n  
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r e c e i v e r  based on prototype tes ts  and experience.  
I n s t a l l a t i o n  of r e c e i v e r  a t  predetermined ground s t a t i o n  
s i t e .  

(b) 

Data recording,  d i s p l a y ,  and reduct ion  system a n a l y s i s  and 
development. (24 months) 
(a) 

(b) 

dequirements, a n a l y s i s ,  design, and cons t ruc t ion  of 
d i s p l a y  and recording f a c i l i t i e s .  
Sequirements a n a l y s i s ,  design and c o n s t r u c t i o n  of rca l  
t ime d a t a  processing equipment f o r  s i g n a l  fading in- 
formation c o l l e c t i o n  i n  experiment c o n t r o l .  
Data system i n t e g r a t i o n  with o ther  experiment d a t a  
and c o n t r o l  systems. 

(c)  

demarks: Extensive earth-based t e s t i n g  of t h e  d i r e c t  d e t e c t i o n  o p t i c a l  com- 
munication concept has a l ready  been accomplished over h o r i z o n t a l  pa ths .  
decent air-to-ground t r a c k i n g  experiments have been perfo:med using a narrow 
laser beam pointed a t  a r e t r o r e f l e c t o r  mounted on an a i r c r a f t .  

16.2.5 

dxperiment: 

Time Span t o  Completion: Twenty-four months 

di,Test of P r e r e q u i s i t e  Technolopy A c t i v i t i e s  

Prec is ion  Tracking of a Ground Eeacon (S-5) 

desearch & Development : 

a. Systems Concept S t u d i e s  - necessary p r e r e q u i s i t e  f o r  e s t a b l i s h i n g  
a 2-way t racking  l i n k .  

(1) E f f e c t  of atmosphere on coherence of laser beam. S p a t i a l  

(2)  Zxamination of o t h e r  atmospheric e f f e c t s .  ( S c i n t i l l a t i o n )  

(24 Tenths) 

and temporal degradat ion a n a l y s i s .  

(a)  Peam divers ion  
(In) 
Human Factors  s t u d i e s  ( a s t r o n a u t s '  mobi l i ty ,  i s o l a t i o n  and 
func t ion) .  

Angular , j i t t e r  ( e a r t h  t o  space and space t o  e a r t h ) .  
(3) 

( 4 )  Ueep space s imulat ion experiments.  

b. 1 meter Telescope Analysis.  (18 months) 
(1) 
(2) 
( 3 )  

0.3 Meter Hardmounted Telescope Analysis  (6 months) 
(1) 
(2) 

0.3 Meter Gimbal Tel iscope Analysis  (9 months) 
(1) 
(2)  

Boresight alignment ( t r a n s m i t t e r  and t r a c k i n g  axes) s t u d i e s .  
Opt ica l  t e s t  and i n t e r f a c e  with methods i n  space. 
Alignment of t e l e s c o p e s  t o  one another .  

c .  
Boresieht t o  1 meter te lescope .  
Study and d e f i n i t i o n  of a d d i t i o n a l  experiment t a s k s  f o r  in-  
corporat ion.  

d .  
Boresight t o  1 meter t e l e s c o p e .  
Study and d e f i n i t i o n  of a d d i t i o n a l  experiment t a s k s  f o r  
incorpora t ion .  
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e. Acquis i t ion Technj ques TnvestifTation. ( 1 5  months) 
(1) 
(2)  

(3) 

(4) Planet  t r a c k e r  accuracy a n a l y s i s  

P r o b a b i l i t y  comparison of var ious  methods. 
Combination of microwaves and sun l i n e  of s i g h t  f o r  i n i t i a l  
s t a b  i 1 i z a t  ion.  
Nand-off of c e l e s t i a l  t a r g e t s  i n  synchronous o r b i t s  for other  
appl icable  missions.  

(a) Trackinc cent ro id  of i l l u n i n a t i o n  
(b) Geometrical center  i d e n t i f i c a t i o n  
(c )  Percentage accuracy as a funct ion of range. 

f .  Laser I n t e r f a c e  S tudies  (6 months) 
(1) Techniques f o r  chariging power. d i s t r i t u t i o n  i n  beam group 

s e c t i o n ,  (for minimizing l o s s e s  due t o  ok'scuration of b i -  
secondary mirrors e t c . ) .  
Achromatic col l imat ing o p t i c s  for optimizing wavelength 
range . (2)  

g. Beam Deflector  Analysis (12  month) 
(1) 

(2) 

(3) 

Hybrid systems f o r  minimizing non- l inear i ty  of d e f l e c t o r s  by 
means of beam angl ing and t r a n s l a t i o n .  
Servo a n a l y s i s  required f o r  s t a b i l i t y  ar.d frequency response 
f o r  hybrid systems. 
d e f l e c t i v e ,  r e f r a c t i v e  and o t h e r  s t u d i e s .  

h. Ground Array I n t e r f a c e  S tudies .  (4 months) 
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Xxperiment: Point-ahead and Space-to-Groiind-to-space Loop Closure (Z-6) 

Time Span to-Completion: Twenty-four months 

a. Experiment concepts  and ground a r r a y  systems s t u d i e s .  (24 
months) 

(1) 

(2) 

( 3 )  

( 4 )  

Number of te lescopes ,  d i s t r i b u t i o n  of te lescope  a r r a y  
and loop c losure  and po in t ing  co r rec t ion  s t u d i e s .  
Heterodyne vs.  d i r e c t  d e t e c t i o n  by photon bucket method 
comparison. 
Beam po in t ing  by d i r e c t  d e t e c t i o n  (by fou r  te lescopes ,  
o r  one t e l e scope  with super-inposed beam o s c i l l a t i o n ) .  
Ca l ib ra t ion  and ind iv idua l  te lescope  ga in  i n  d i s t r i b u t e d  
a r r ay  s tud ie s .  

( a )  Local o s c i l l a t o r  c o n t r o l  i nves t iga t ion .  

( b )  Photo-mult ipl iers  t r a c k e r  ga in  ana lys i s .  

Remarks : 
assoc ia ted  wi th  the  P rec i s ion  Tracking of a Ground Beacon experiment 
and l i s t e d  the re in .  

The o ther  requi red  technology advances requi red  a r e  those  

16.2.7 Diwest of P r e r e a u i s i t e  Technolorn A c t i v i t i e s  

Experiment: Transfer  Tracking from one Ground S t a t i o n  t o  Another (E-7) 

Time Span t o  Comdetion: Twenty-four months. 

Research & Development: 

a. Continuing system concept s t u d i e s .  (24 months) 

(1) Indiv idua l  ground s t a t i o n  coding. 
( 2 )  

( 3 )  

Ground a t a t i o n  requirements ana lys i s .  (12 months ) 

Sequencing and synchronizing d i r e c t  func t ion  between sepa- 
rate ground s t a t i o n s  and spacec ra f t  t o  ground s t a t i o n .  
Number and l o c a t i o n  of ground t r a c k i n g  s i t e s .  

b. 

c.  Deep space s imula t ion  s t u d i e s .  (6  months) 

Remarks : The o the r  requi red  technology advances are those  a s soc ia t ed  
wi th  t h e  Prec is ion  Tracking of a Ground Beacon experiment, and l i s t e d  
t h e r e i n .  

16.2.8 

Experiment : Atmospheric Measurement (E-8) 

Digest of P r e r e q u i s i t e  Technolorn A c t i v i t i e s  

Time Span t o  Completion: Twelve months. 
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Research & Development: 

a. Phase c o r r e l a t i o n  rece iver  development. (12 months) 

b. Model phase c o r r e l a t i o n  r ece ive r  f a b r i c a t i o n .  (4  months) 

c. Phase c o r r e l a t i o n  tes t  program us ing  an a i rborne  signal 
source (6 months ) 

d. Phase c o r r e l a t i o n  t e s t s  using an e a r t h  o r b i t i n g  s i g n a l  
source.  (6 months ) 

Remarks: 
ments t o  o ther  frequency bands no o the r  g rea t  advances are requi red  
f o r  t h i s  experiment except those spec i f i ed  i n  the  a s soc ia t ed  experi-  
ments concerning beam point ing,  d i f f r a c t i o n  l imi t ed  te lescope  opera- 
t i o n s  i n  space, and laser communications. Advances i n  t h e  s e n s i t i v i t y  
of de t ec to r s ,  and t h e  t r ansmiss iv i ty  of o p t i c a l  components a t  t h i s  fre- 
quency will i nc rease  t h e  p o s s i b i l i t y  of oPtaining more accura te  mea- 
surements under poor condi t ions of atmospheric t r ansmiss iv i ty .  

Except f o r  t h e  extension of phase pe r tu rba t ion  measure- 

16.2.9 Digest of P r e r e a u i s i t e  Technolom A c t i v i t i e s  

Experiment: Pulse Di s to r t ion  Measurements (E-9) 

Time Span t o  Comm3letion: Fourteen months 

Research & Development : 

a. Laser mode con t ro l  and s t a b i l i z a t i o n  techniques development. 
(10 months, now i n  process)  

b. Ground-to-ground measurements of pulse  d i s t o r t i o n  a t  0.6328 
h icrons  t o  t e s t  broadband d e t e c t o r s  and d i sp lay  techniques.  
(6  months) 

Remarks : 

The o t h e r  requi red  technology advances requi red  are those a s soc ia t ed  
w i t h  laser t r a n s m i t t e r  development as ind ica t ed  i n  t h e  Op t i ca l  Hetero- 
dyne Detect ion on Ear th  experiment and t h e  ground l i n k  r ece ive r s  de- 
velopment as ind ica tdd  i n  both the  Op t i ca l  Heterodyne Detect ion on 
E a r t h  and the  Direc t  Detect ion from Space t o  Ground experiments. 

16.2.10 Digest of P r e r e a u i s i t e  Technolom A c t i v i t i e s  

Experiment: Primary Mirror Figure Test  and Correct ion (E-10) 

Time Span t o  Completion: Twenty-four months. 
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Research & Development: 

a. Continuing system experiment concept studies (including optical 
tolerance evaluation and allocation). (24 months ) 

b. Primary mirror model examination. (18 months) 

(1) Thermal Studies to determine need for mirror temperature 
control including ground tests for optimum thermal sen- 
sing and control configuration. 
Scaling studies (analysis, fabrication and test of small 
model mirrors. 

(2) 

(3 ) Material surveys. 
(4)  Figure control implementation study. 
( 5 )  Fabrication methods survey. 
(6) Study of mirror support methods. 
(7) Effects of launch and orbital environment of figure and 

optical quality. 

c. Temperature actuators and control studies. (12 months) 

(1) 
(2) Actuators temperature sensor analysis. 
(3 ) Actuators material selection. 
(4) Thermal insulation problems investigation. 
(5) Thermal control servo loop analysis. 

Implementation study of scatter-plate interferometer test in orbit. 
Study and development of other optical instrumentation for figure 
test in-orbit. (6 months) 

Computer program for determination of influence co-efficients. 

d. 

e. Secondary mirror studies. ( 9  months) 

(1) Thermal Study. 
(2) Material Survey. 
(3 )  Study of in-orbit automatic erection and optical alignment 

devices. 

f. Test facility requirements studies. (12 months ) 

16.2.11 Digest of Prerequisite Technolow Activities 

Experiment: Thin Mir ro r  Nesting Verification (E-11) 

Time Span to Completion: Twenty-four months. 
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Research & Development : 

a. 

b. 

C. 

d. 

e .  

f .  

g*  

Continuing .experiment concept s t u d i e s  ( inc ludes  o p t i c a l  t o l e r -  
ance eva lua t ion  and a l l o c a t i o n ) .  (24 months) 

Primary mi r ro r  and t e s t  s t u d i e s .  

(1) 

(18 months) 

Thermal s tud ie s  t o  determine need f o r  temperature con t ro l  
inc luding  ground t e s t s  f o r  optimum thermal sens ing  and 
con t ro l  configurat ion.  
Sca l ing  s t u d i e s  ( ana lys i s ,  f a b r i c a t i o n  and t e s t  of small 
model mirrors 1. 

(2)  

(3 ) Mater ia l  surveys.  
( 4 )  Fabr ica t ion  methods i n v e s t i g a t i o n .  

( a )  Mirror nes t  - mirror  i n t e r f a c e ;  s e l e c t i o n  of r e l e a s e  
agents  and eva lua t ion  of release technique. 

( b )  

( c )  

D i s to r t ion  e f f e c t  of po l i sh ing  and f igu r ing .  

Determination of diameter t o  t h i c h e s s  r a t i o  t o  meet 
requirements . 

( 5 )  

(6) 

Zero-g s imula t ion  t e s t i n g  techniques and f a c i l i t y  require-  
ments. 
Study of mir ror  support methods, 

Penumatic suspension systems and a l t e r n a t e  p ro tec t ion  systems 
ana lys i s ,  launch environment e f f e c t s  and model t e s t s .  (12 months) 

Implementation s tudy of s c a t t e r - p l a t e  in te r fe rometer  and o the r  
o p t i c a l  ins t rumenta t ion  f o r  f i g u r e  t e s t  in -orb i t .  (6  months) 

Secondary mi r ro r  and secondary mir ror  s t r u c t u r e  s tud ie s .  (9 
months ) 

(1) Thermal study. 
(2) Mater ia l  study. 

Study of i n  o r b i t  e r ec t ion  and/or alignment devices .  (12 months) 

(1) 
(2) Automatic e r e c t i o n  i n v e s t i g a t i o n .  
(3 ) Opt ica l  alignment examination. 

Manual e r e c t i o n  and human f a c t o r s  cons t r a in t s .  

Test f a c i l i t y  s t u d i e s  inc luding  o p t i c a l  bench and thermal  c o n t r o l  
computer. (12 months) 
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16.2.12 Digest of P r e r e q u i s i t e  Technolorn A c t i v i t i e s  

Experiment : Fine Guidance (X-12) 

Time Span t o  Completion: 

Research & Development: 

Eighteen months 

a. 

b. 

C .  

d. 

e .  

f .  

g *  

Systems concept s tud ie s  t o  e s t a b l i s h  sensing. (18 months) 

(1) 

(2)  

( 3 )  
(4) 

Study of thermal behavior.  

Fine guidance te lescope  s t u d i e s .  

(1) 

( 2 )  Study of scanning methods. 
( 3 )  Analysis of m a x i m u m  r e s o l u t i o n .  

Fine sensor  s t u d i e s  (Resolut ion s t a b i l i t y ) .  

Di rec t  vs .  o f f s e t  t r a c k i n g  as a func t ion  of star magni- 
tude s t u d i e s .  
Tracking c a p a b i l i t y  r e l a t i o n s h i p  t o  background no i se  and 
star magnitude and co lo r  temperature i n v e s t i g a t i o n .  
System e f f e c t s  of var ious  o r b i t s .  
Analysis and a l l o c a t i o n s  of errors. 

( 6  months) 

(15 months 

Study of t e r t i a r y  system conf igura t ion  and alignment 
techniques.  

(12 months 

(1) Four s i d e  Fyramidal d e f l e c t o r .  
( 2 )  Image Dissec tor  Tube. 
(3) Crossed-axis v i b r a t i n g  ape r tu re .  
( 4 )  Math-matching ( l a r g e  f i e l d  scanner,  us ing  image or th icon  

o r  v id icon) .  

Study of a c t u a t i o n  system, c o n t r o l  moment gyros,  r e a c t i o n  
wheels and f i n e  beam d e f l e c t o r  (coarse ,  in te rmedia te  and f i n e )  
ac tua t ion  and l o g i c  c o n t r o l  system. 

Light d e t e c t o r  a n a l y s i s  - diasporameters ,  c a n t i l e v e r  nu r ro r ,  
sheared p l a t e  ( s e n s i t i v i t y ,  s p e c t r a l  diamagnetic response) .  
(12 months) 

(1) 
( 2 )  Photocathode wi th  e l e c t r o n  m u l t i p l i e r s .  Photo d e t e c t o r s  

(3) Light Amplif iers .  
( 4 )  Imaging devices .  

Study of f i n e  and coarse in t e rmed ia t e  se rvo  loops.  

(12 months 

Sol id  s t a t e  ( s i l i c o n ,  ga l l ium a r sen ide ) .  

with i n t e g r a l  s o l i d  s ta te  m u l t i p l i e r s .  

(9 months) 
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h. Study of protect sensors and actuators. (9 months) 

i. Earth-bound development tests. (12 months) 

j. Test facility study. (12 months) 

16.2.13 

Experiment : 

Digest of Prereauisite Technolorn Activities 

Comparison of Isolation Techniques (E-13 ) 

Time Span to ComDletion: Twelve months, 

Research & Development: 

a. Hard mount oriented analysis. 

(1) Theoretical analysis. (6 months ) 
(2) Laboratory tests. (6 months) 

b. Spring mount oriented analysis. 

(1) Dynamic environment analysis. (5 months) 
(2) Static environment analysis, (4 months) 
(3 ) Conductive spring materials analysis. (6 months) 
(4) Motion detection optics analysis. (6 months) 
(5) Damping mechanisms studies. (4 months) 
(6) Analog simulation. (3 months) 

c. Diamagnetic bearing oriented analysis. 

(1) Magnetic field cocfifigurat,ion optimization. (6 months) 
(2) Electro-magnet utilization analysis. (6 months ) 
(3) Comparison of huckle and gimbal configurations. (4 months) 
(4) Dkgnetic materials smey.  (6 months) 
( 5 )  Damper tecnniques comparison. (4 months) 
(6) Position sensor analysis. (4 months) 
(7 )  Analog simulation. (3 months) 

d. Active system oriented analysis 

(1) Electromagnetic linear actuator analysis. (4 months ) 
(2) Actuator configuration studies. (6 months) 
(3 ) Comparison of low-threshold accelerometers. (3 months) 
(4) Position sensor analysis. (4 months) 
(5) Servo analysis. (2 months) 
(6 ) 

( 7 )  Analog simulation. (4  months) 

Hybrid diamagnetic/active suspension configuration analy- 
sis. (3 months) 
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. 

Remarks: 
with the Fine Guidance experiment and listed therein. 

The other required technology advances are those associated 

16.2.14 Digest of Prereauisite Technoloay Activities 

Emeriment: Interferometer System (E-14) 

Time Span to Completion: Nine months. 

Research & Development: 

a. Theoretical analysis of beam concepts. (6 months) 

(1) Materials survey. 
(2) Conceptual design and analysis. 
( 3  ) Computer analysis of performance. 
(4) Compilation of weight/performance data. 
( 5) Environmental disturbances investigation. 

b. Mirror fine alignment actuator analysis. (6 months ) 

(1) 
(2) Materials survey. 
( 3  ) 
(4) 

Survey and evaluation of techniques. 

Computer determination of performance coefficients. 
Insulation and power requirements investigation. 

c. Laboratory experiments. 

(1) Beam concept design. 

(a) Model design. 

(b) Model construction. 

(c) Environmental tests and comparison. 

(2) Mirror fine alignment actuators. 

(a) Model design. 

(b) Model construction. 

(c) Environmental tests and comparison. 

16.2.15 

Emeriment: Segmented Optics (E-1.5) 

Time Span to Completion: Twelve months. 

Digest of Prerequisite Technoloay Activities 
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ilesear ch & 3evelopment : 

a.  Theore t ica l  s tudy  of t h e  e f f e c t  of se@.entation on d i f f r a c t i o n  
p a t t e r n s .  (6 months) 

Zxperimental ( lab)  s t u d i e s  of t h e  e f f e c t  of sgementation on 
d i f f r a c t i o n  p a t t e r n s .  (6 rronths) 

b .  

c. Number, s ize ,  and shape of segment s t u d i e s .  (6 nonths) 

d.  Segment p o s i t i o n  c o n t r o l  ac tua tor  s t u d i e s .  (12 months) 

e.  Pos i t ion  sensor comparisons, (6 months) _- ~ 

16.3 EXPERIiENT DEVELOP?*fBNT SCHEDULES 

The experiment development schedules a r e  l i s t e d  i n  accordance with table 
16.3-1, I:INDEX OF EXPERIPENT DEVELOPIvENT SCHEDULEE" . The f l i g h t  ava i la -  
b l e  month i s  ind ica ted  as w e l l  a s  t h e  number and t i t l e  of t h e  experiment. 
The f l i g h t  a v a i l a b l e  month represents  t h e  t o t a l  anount of time requi red  
from t h e  commencement of prel iminary desiEn of t h e  first experiment 
p e c u l i a r  major assernbly/sub-systems t o  t h e  completion of f i n a l  assemkly 
and checkout of t h e  experiment. 
i s  a v a i l a b l e  f o r  i n t e g r a t i o n  i n t o  any chosen vehic le .  

A t  t h i s  po in t  t h e  experiment hardware 

Long l e a d  items are i d e n t i f i e d  by not ing t h e  longes t  time dura t ion  f o r  
a major assembly/subsystem. 
c i e n t  sequencing a r e  flagged. 
d e l a y  time indica ted  on some of t h e  experiments. 

Restraining a c t i v i t i e s  and t h e i r  most e f f i -  
These r e s t r a i n t s  are t h e  cause of t h e  

Zach experiment development schedule l i s t s  t h e  major assemblies/subsystems 
t h a t  are experiment p e c u l i a r .  
n e n t s  l i s t  t h e  r e s p e c t i v e  te lescope(s )  even thouch t h e  s p e c i f i c  experiment 
may not  be t h e  prime u s e r  of t h e  te lescope(s ) .  Other support  o r  i n t e r -  
dependent subsystem are t r e a t e d  i n  the  prime experiment t o  avoid redun- 
dancy where poss ib le .  
t i n g  s p e c i f i c  support  required appear i n  l i e u  of a r e l i s t i n g  of t h e  major 
assemblics/subsystems . 

A l l  of t h e  te lescope  assoc ia ted  expert-  

Where it i s  possible  t o  do so ,  re fe rences  ind ica-  

The experiment development schedules are included i n  f i g u r e s  16 3-1 t o  
16 J-15 i n c l u s i v e .  

17.G CTASS !ASTER PLANNING SCHEDUU 

17.1 GENELUL DISCUSSION 

The Master Planning Schedule is a cont inuat ion of t h e  a n a l y t i c a l  
a c t i v i t y  performed i n  t h e  OTES Experiment Development Section. 
s p e c i f i c  OTES. experiment has been analyzed on an i n d i v i d u a l  experiment b a s i s .  
I n  t h i s  s e c t i o n  t h e s e  experiments a re  analyzed c o l l e c t i v e l y .  
has  been i n d i c a t e d  t h a t  t h e  s p e c i f i c  experiments can be made a v a i l a b l e  f o r  
i n t e g r a t i o n  i n t o  almost any type of vehic le ,  many advantages can be gained 
by extending t h e  experiment a n a l y s i s  wi th in  a f u l l y  o p e r a t i o n a l  spacecraf t  
program. 
has  been t h a t  t h e  i n d i v i d u a l  experiments r a t h e r  t h a n  spacecraf t  have dic-  

Each 

Although it 

Throughout t h e  master planning a n a l y s i s  t h e  philosophy maintained 
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t 

t 

t a t e d  t h e  i n t e g r a t i o n  t imes .  
technolopi c a l  advances a r e n o t  subordinatell t o  o t h e r  i n t e E r a t i o n  f a c t o r s .  
Having d e t e r r i n e d  t h e  a v a i l a b i l i t y  da tes  f o r  f l i p h t  inte[;ration, experi-  
n:ent group-spacecraft-launch vehic le  i n t e g r a t i o n  t i r e  frames can be 
i d e n t i f i e d .  A de ta i le i l  i n s i n h t  of possible  cons t ra in t , s  a f f e c t i n g  fl i c h t  
hardware a v a i l a b i l i t y  can be determined. ,?urt,her s tudy enables  o v e r a l l  
v i s i b i l i t y  of t h e  t ime sequenced requirements of a t o t a l  operation& (TrAEE 
progran;. F i n a l l y ,  t h i s  complete a n a l j s i s  a s s i s t s  i n  t h e  formulation of 

This ensures that- t h e  s p e c i f i c  experiment 

prel iminary philosophy and long ranpe planninp fo r  poss ib le  development 
o p e r a t i o n a l  phases althouph we a r e  s t i l l  enparel  i n  a conceptual s tudy 
p h s e .  

I n  order  t o  s i r rulate  a ' ' r e a l  world' condi t ion,  c e r t a i n  a s s m p t i o n s  must 
-aiie. These assumptions a r e  manif'ested i n  an a r t i t r a r y  prel iminary set  

t h e  
and 

be 
of 

ground r u l e s .  
z-cr?l;. zc3r-1~ 3- a b i w i q t i c  po in t  of l epar t l re  f o r  t h e  cont,iniiation of t h e  
cor,plcte analysis. 
f o r  c l a r i t y .  

The prel iminary pround r u l e s  a r e :  
OTAXS level ( spacecraf t  i n t e E r a t i o n  l e v e l )  f o r  each experiment group; (t) 
Cackup a r t i c l e s  through t h e  pre-launch phase are required;  (c)  Eackup and 
prototype a r t i c l e s  w i l l  be s t r i p p e d  and reconfigured as required f o r  sub- 
sequent experiment groups; (d) Schedules f o r  t h e  b a s i c  Tanned spacecraf t  
piven i n  Volume V, Appendix D' , VLesource Analysis" (Phase I F i n a l  Report) 
a r e  used as a base.  The manned spacecraf t  concept w a s  chosen f o r  t h e  
i n t e g r a t i o n  a n a l y s i s  because it d i c t a t e s  t h e  most complex a l t e r n a t i v e ;  (e)  
A t o i l e r p l a t e  launch preceeds t h e  f irst  o p e r a t i o n a l  launch; ( f )  
a r e  c o n s i s t e n t  with c u r r e n t l y  planned uprated Saturn I and Saturn V m i s -  
s ioLi  assipnments. 

The pround r i d e s  are subjec t  t o  chances i n  philosophy and 

The nim'cer of p o u n d  rilles has keen kept t o  t h e  mini!:Iuii 

(a) Prototype t e s t s  are r e q u i r e j  a t  t h e  

Launches 

The experiment a v a i l a b i l i t y  summary l i s t s  a l l  of t h e  proposed OTES experi- 
ments i n  a summary form t o  enable c o l l e c t i v e  a n a l y s i s .  
and 17.2-2.) The d a t a  was assembled from t h e  i n d i v i d u a l  experiment develop- 
ment schedules.  W e  can note  from t h e  summary t h a t  most of t h e  experiments 
f i t  w i t h i n  t h e  I f  t h e  experiment not  d i r e c t l y  assoc ia ted  
w i t h  t h e  t e l e s c o p e s  (E-1L Interferometer  System) i s  n o t  considered, then  t h e  
remaining experiments have a mere nine month d i f f e r e n t i a l  i n  a v a i l a b i l i t y  
f o r  f l i g h t  implementation. Fur ther  analysis of t h e  s p e c i f i c  experiment 
development schedules  w i l l  i n d i c a t e  t h a t  t h e  cause of t h i s  condi t ion i s  
p r i n a r i l y  due t o  t h e  te lescope(  s )  i d e n t i f i c a t i o n  and t h e  c r i t i c a l  develop- 
ment and long  l e a d  i tem i n  each case. This p o i n t s  out  again t h a t  having 
advanced t e l e s c o p e  technology wi th in  t h e  pre-OTAES and OTAES programs, t h e  
t h r e e  meter te lescope  goa l  w i l l  then be an a t t a i n a b l e  goa l  w i t h i n  a very 
s h o r t  time. 

(See figures 17.2-1 

time frame. 

- 17.3 EXPEdI'ZNT CANDIDATE GROUPS 

The experiment candidate proups have been determined p r i m a r i l y  by t e c h n i c a l  
commonality and parametr ic  trade-off analyses  contained i n  o ther  volumes 
of t h i s  r e p o r t .  The resultant candidate gronps a re :  (a )  Group " A t t ,  
Experiments E-1 t h r u  E-15 inc lus ive ;  (b) 
E-9 i n c l u s i v e ;  and (c) 

Group lfBtt ,  Experiments E-1 t h r u  
Group Vtf, Experiments E-10 t h r u  E-13 i n c l u s i v e  p l u s  
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c 

In tegra t ion  and system checkout time reqdirements have been determined on 
l%WY 17.4-3. 
F i n a l  a r t i c l e  d e l i v e r y  t o  s t r u c t u r a l  t es t ;  (b) Prototype f l i g h t  a r t i c l e  
d e l i v e r y  t o  environmental t e s t ;  (c)  B o i l e r p l a t e  f l i g h t  a r t i c l e  d e l i v e r y  
t o  Iiennedy Space Center; (d) Primary and backup f l i g h t  s r t i c l e  shipment t o  
Kennedy Space Center. 

For each approach, schedul ing has  been determined f o r :  (a) 

3-56 
- ~ 

Experiment E-15. Figure 17.3-1 i n d i c a t e s  t h e  a v a i l a b i l i t y  of each candidate  
grbup c o l l e c t i v e l y  and determines t h e  e a r l i e s t  d a t e  f o r  group i n t e g r a t i o n  
i n t o  a spacecraf t .  This candidate  group i d e n t i f i c a t i o n  w i l l  be r e t a i n e d  
throughout t h e  remainder of t h e  i n t e g r a t i o n  a n a l y s i s .  
beyond indiv idua l  experiment a v a i l a b i l i t y  r e s u l t s  from incorpora t ing  t h e  
necessary a c t i v i t i e s  such a s  experiment: 
( c )  Receiving inspec t ion  and (d) P r e - i n s t a l l a t i o n  acceptance a c t i v i t i e s .  

The a d d i t i o n a l  t i m e  

(a )  Packaging; (b)  Shipment; 

17.4 XPCRI: XNT INTEGRATION CONCEPTS 

Having detcrxincj.  c o l l c c t i v c  f l i g l i t  i n t e g r a t i o n  a v a i l a b i l i t y  t imcs for each 
of t h e  thr-ee praposeJ experiment groups, spacecraf t  i n t e g r a t i o n  f o r  t y p i c a l  
c m d i d a t e  niissions can be implenienteJ. 
s i o n s  have been chosen which u t i l i z e  t h e  t h r e e  candidate  groups most 
e f f i c i e n t l y .  'The candidate missions a r e :  

I 
For t h i s  s tudy four  candidate  m i s -  

Approach T.vpe of *bi t  Lpacecraf t  k p e r  i m e  n t  Group U t i l i  zed 

(a) I Synchronous lanned Group "A" 

(b) 11 Synchronous Unmanned Group ' W r  

(c) I11 (Dual) Synchronous Unnann e d 
Low %art11 :Tanned 



t 



F 
i 

I -  
I 
f 

I 
I 

I t 

3-58 



I 

I 

3-59 



d e t a i l e d  time dura t ion  r e y i r e n e n t s  f o r  t h e  environr;,,cntal t esLing  of s t r u c -  
t u r a l  t es t  models and s p e c i f i c  prototype f l i g h t  a r t i c l e s  f o r  each of t h e  
f o u r  a l t e r n a t i v e  approaches have been pro jec ted  on f i g u r e  17.4-4. 

The f i n a l  phase o f  e q e r i m e n t  i n t e g r a t i o n  inc ludes  t h e  pre-launch check-out 
and n i s s i o n  support  a c t i v i t y  requirements.  
t i e s  a r e  included f o r  Approach I with Group ''A" experir;ents,  Approach I1 with 
Group "E" e x p e r k e n t s ,  ilpproach I11 with both Group llI)l t  and Group " C "  cxperi-  
ments, and Approach I V  wi th  Group " C t l  experiments: 
and launch systems checkout; (b) Launch c a p a b i l i t y  poin ts ;  (c)  ilange and 
mission support checkout, and (d) l l i s s ion  support  f o r  r e s p e c t i v e  experiment 
group launches. 
s ions  a r e  l ikewise  included. See r'igure 17.4-5. 

The fol lowing s p e c i f i c  a c t i v i -  

(a) F i n a l  experiments 

Pro jec t ions  f o r  assoc ia ted  p r e r e q u i s i t e  b o i l e r p l a t e  rnis- 
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FIGURE 17.4- 2 
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Figure 17 4 - 2 .  Constraint Impact Analysis Diagram 3-A2 "2 
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